DISPOSITION  INSTRUCTIONS 


DESTROY  THIS  REPORT  '.WEN  IT  IS  NO  LONGER  NEEDED.  DC  NOT 
RETURN  IT  TO  THE  ORIGINATOR. 


DISCLAIMER 

THE  FINDINGS  IN  THIS  REPORT  ABE  NOT  TO  BE  CONSTRUED  AS  AN 
OFFICIAL  DEPARTMENT  OF  THE  ARMY  POSITION  UNLESS  SO  DESIG¬ 
NATED  BY  OTHER  AUTHORIZED  DOCUMENTS. 


TRADE  NAMES 

USE  OF  TRADE  NAMES  OR  MANUFACTURERS  IN  THIS  REPORT  DOES 
NOT  CONSTITUTE  AN  OFFICIAL  INDORSEMENT  OR  APPROVAL  OF 
THE  USE  OF  SUCH  COMMERCIAL  HARDWARE  OR  SOFTWARE. 


REPORT  DOCUMENTATION  PAGE 


f  ^rm  JppoveO 
CM8\c  0n-i  C!38 
f»p  Ojre  JunjO  1936 


la  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


2a  SECURITY  CLASSIFICATION  AUTHORITY 


2b  DECLASSIFICATION /DOWNGRADING  SCHEDULE 


L  performing  organization  report  number{s; 
RD-RE-37-7 


lb  restrictive  markings 


3  distribution /availability  of  report 
Approved  for  public  release; 
distribution  is  unlimited. 


S  MONITORING  CRGAMZA-ION  RE=0RY  N'j.VBER.S) 


6a  NAME  OF  PERFORMING  ORGANIZATION 
Research  Directorate 

Res,  Dev,  6  Eng  (RD4E)  Center 

6o.  OFFICE  SY.MBOl 
(If  applicable) 

AMSMI-RD-RE-AP 

7a  NAME  OF  MONITORING  ORGANIZATION 

6c.  ADDRESS  (Ofy,  State,  and  ZIP  Code) 
Comanander 

US  Army  Missile  Command,  ATTN: 
Redstone  Arsenal,  AL  35898-524S 

AMSMI-RD-RE-A? 

! 

7b  ADDRESS  (City,  State,  and  ZIP  Code)  | 

i 

1 

8a  .NA.VE  OF  FUNDING /SPONSORING 
ORGANIZATION 

8b  OFFiCE  symbol 
(If  applicaoie) 

9  PROC'JREWEMT  nMS'RUME.NT  iDENTiF'CATlOM  \'jVB£R  j 

1 

10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO 


RROjECT 

task 

WORK  UNIT 

NO 

NO 

ACCESS. ON  NO 

Be.  ADDRESS  (City,  State,  and  ZIP  Code) 


’I  Title  (include  Security  Clauification) 

SMALL-SCALE  SPATIAL  VARIATION  OF  U’ATER  VAPOR  IN’  THE  ATMOSPHERE 


12  PERSONAL  AUTHOR(S) 

Dorathy  A.  Stewart  and  Alexa  M.  Mims 


13a.  TYPE  OF  REPORT  13b.  TIME  COVERED  14.  DATE  OF  REPORT  (Year,  Month,  Day)  15  PAGE  COUNT 

annual  from  Oct  86  to  Sep  87  JANUARY  1988  46 


COSATI  CODES 


SUB-GROUP 


18.  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 
water  vapor 
dew  point 

mesoscale  meteorology 


19  ABSTRACT  [Continue  on  reverse  if  necessary  and  identify  by  block  number) 


Dew  points  at  nearby  stations  were  compared.  Stations  close  to  each  other  did  not  neces¬ 
sarily  exhibit  the  double  oscillation  of  dew  point  to  the  same  extent.  The  afternoon  minimum 
could  be  lower  than  the  morning  minimum  at  one  station  while  it  was  small  or  absent  at  nearbv 
stations.  Distance  between  sites  was  not  found  to  be  a  strong  indicator  of  degree  of  simi¬ 
larity  between  stations  within  the  range  40-200  km.  It  was  concluded  chat  elevation,  urbani¬ 
zation,  and  proximity  to  bodies  of  water  were  important  determinants  of  atmospheric  water 
vaocr  content. 


20  DiSTRIBUTiON/AVAILABILITY  OF  abstract  21  ABSTRACT  SECURITY  CLASSIFICATION 

□  UNCLASSIFIED'UNL'MITED  □  SAME  AS  RPT  □  OTIC  USERS  UNCLASSIFIED 


223  NAME  OP  RESPONS'BuE  ’NDivOUAl  22b  TELEPHONE  (/nc/ude  Area  Code)  |  22c  OFF  CE  S'- N'?Ol 

rorath-/  A.  Stewart  ('205')  S76-3375  i  .AMSMI-E:-7.E-A? 


DO  FORM  1473,  g4  VAR  <33  Apo  ectio.i -ray  oe  usea  jntil  ex.Ra jsted  -SECuc.ty  CLASSiPiCA*  ON  C’  S  =a.2E 

orr'er  acit.ons  are  oosolete  — v 

'jiNLLAbokr  It,U 


ACKNOWLEDGMENTS 


The  authors  would  like  to  thank  Dr-  Oskar  M.  Essenwanger  for  aid  in  ob¬ 
taining  data,  for  helpful  discussions,  and  for  review  of  the  work.  Dr.  Steven 
F.  Williams  of  the  Kenneth  E.  Johnson  Environmental  and  Energy  Center  deserves 
thanks  for  supplying  data  from  the  Cooperative  Huntsville  Meteorological 
Experiment . 


ii 


TABLE  OF  CONTENTS 


Page 

I.  INTRODUCTION .  1 

II.  STANDARD  DATA .  2 

A.  Washington,  District  of  Doiucibia .  2 


B.  New  York  City .  3 

III.  COHMEX  DATA .  5 

A.  Site  Information. . 5 

B.  Mean  Dew  Point .  5 

C.  Differences  Between  Stations .  6 

IV.  CONCLUSION .  6 

REFERENCES .  35 


Accession  For 

"^TIS  GRA&I 

A 

DTIC  TAB 

Unannounced 

□ 

Justification — 

_ ( 

Ry 

1 

■  Distribution/ 

Availability  Codes 
iAvall  and/or 
Dlst  1  Special 


LIST  OF  ILLUSTRATIONS 


Figure  Title  Page 


1  Diurnal  variation  of  dew  point  at  Washington  National  and  Dulles 

International  Airports  during  the  winters  1962-1963  through 
1980-1981 .  7 

2  Diurnal  variation  of  dew  point  at  Washington  L'acional  and  Dulles 

International  Airports  during  spring  in  the  years  1963-1981...  8 

3  Diurnal  variation  of  dew  point  at  Washington  National  and  Dulles 

International  Airports  during  summer  in  the  years  1963-1981...  9 


4  Diurnal  variation  .or  dew  point  at  Washington  National  and  Dulles 

International  Airports  during  fall  in  the  years  1963-1981 .  10 

5  Diurnal  variation  of  dew  point  at  two  New  York  sites  during  the 

winters  1965-66  through  1980-1981 .  11 

6  Diurnal  variation  of  dew  point  at  three  New  York  sites  during 

spring  in  the  years  1965-1981 .  12 

7  Diurnal  variation  of  dew  point  at  three  New  York  sites  during 


summer  in  the  years  1965-1981 .  13 

8  Diurnal  variation  of  dew  point  at  three  New  York  sites  during 

fall  in  the  years  1965-1981 . . .  14 

9  Diurnal  variation  of  dew  point  at  three  PAM  II  stations  during 

1-8  June  1986 .  15 

10  Graph  to  compare  difference  in  elevation  with  difference  in  dew 

point  during  the  time  2300-0159  GMT  (1800-2059  CDT) .  16 

11  Graph  to  compare  difference  in  elevation  with  difference  in  dew 

point  during  the  time  0200-0459  GMT  (2100-2359  CDT) .  17 

12  Graph  to  compare  difference  in  elevation  with  difference  in  dew 

point  during  the  time  0500-0759  GMT  (0000-0259  CDT) .  18 

13  Graph  to  compare  difference  in  elevation  with  difference  in  dew 

point  during  the  time  0800-1059  GMT  (0300-0559  CDT) .  19 

14  Graph  to  compare  difference  in  elevation  with  difference  in  dew 

point  during  the  time  1100-1359  GMT  (0600-0859  CDT) .  20 

15  Graph  to  compare  difference  in  elevation  with  difference  in  dew 

point  during  the  time  1400-1659  GMT  (0900-1159  CDT) .  21 

16  Graph  to  compare  difference  in  elevation  with  difference  in  dew 

point  during  the  time  1700-1959  GMT  (1200-1459  CDT) .  22 


iv 


i 


LIST  OF  ILLUSTRATIONS  (Concluded) 


Figure  Title  Page 

17  Graph  to  compare  difference  in  elevation  with  difference  in  dew 


point  during  the  time  2000-2259  GMT  (1500-1759  CDT) .  23 

18  Graph  to  compare  distance  between  stations  with  difference  in 

dew  point  during  the  time  2300-0159  GMT  (1800-2059  CDT) .  24 

19  Graph  to  compare  distance  between  stations  with  difference  in 

dew  point  during  the  time  0500-0759  GMT  (0000-0259  CDT) .  25 

20  Graph  to  compare  distance  between  stations  with  difference  in 

dew  point  during  the  time  1100-1359  GMT  (0600-0859  CDT) .  26 

21  Graph  to  compare  distance  between  stations  with  difference  in 

dew  point  during  the  time  1700-1959  GMT  (1200-1459  CDT) .  27 

22  Comparison  of  dew  point  differences  at  pairs  of  stations  during 

two  different  times  of  day . . .  28 


V 


LIST  OF  TABLES 


Table  Title  Page 

1  Locations  and  Elevations  of  Sites  Where  Dew  Points  Were 

Measured .  29 

2  Distances  Between  Sites  in  Kilometers .  29 

3  Mean  Differences  of  Dew  Points  (°C)  for  the  Eight  Days .  30 

4  Mean  Differences  of  Dew  Points  (“C)  for  the  Eight  Days  During 

the  Time  Period  2300-0159  GMT .  31 

5  Mean  Differences  of  Dew  Points  (°C)  for  the  Eight  Days  During 

the  Time  Period  0200-0459  GMT .  31 

6  Mean  Differences  of  Dew  Points  (®C)  for  the  Eight  Days  During 

the  Time  Period  0500-0759  GMT . . .  32 

7  Mean  Differences  of  Dew  Points  (“C)  for  the  Eight  Days  During 

the  Time  Period  0800-1059  GMT .  32 

8  Mean  Differences  of  Dew  Points  (°C)  for  the  Eight  Days  During 

the  Time  Period  1100-1359  GMT .  33 

9  Mean  Differences  of  Dew  Points  (®C)  for  the  Eight  Days  During 

the  Time  Period  1400-1659  GMT .  33 

10  Mean  Differences  of  Dew  Points  (“C)  for  the  Eight  Days  During 

the  Time  Period  1700-1959  GMT .  34 

11  Mean  Differences  of  Dew  Points  (”€)  for  the  Eight  Days  During 

the  Time  Period  2000-2259  GMT .  34 


vi 


I. 


I.N'TRODL’CTIOX 


Knowledge  of  Che  amount  of  water  vapor  in  the  atmosphere  is  important 
because  this  vapor  absorbs  energy  throughout  the  electromagnetic  spectrum. 
Extinction  is  so  large  at  submillimeter  wavelengths  that  it  may  be  a  problem 
along  paths  as  short  as  one  kilometer  in  an  atmosphere  with  high  absolute 
humidity  [1].  Water  vapor  has  some  absorption  bands  at  visible  wavelengths 
where  extinction  is  small  but  may  not  be  negligible  over  long  distances  [2]. 
Extinction  at  infrared  wavelengths  is  intermediate  between  these  two  extremes. 

The  amount  of  water  vapor  in  Che  atmosphere  is  calculated  from  a  relation¬ 
ship  where  the  primary  dependence  is  upon  dew  point.  A  slight  dependence  upon 
absolute  temperature  also  exists.  When  dew  points  at  two  nearby  stations  are 
compared,  the  percent  difference  in  absolute  temperature  is  normally  within 
about  2  percent  at  the  level  of  the  instrument  shelter.  Therefore,  Che  dif¬ 
ference  of  dew  point  indicates  the  difference  in  water  vapor  content. 

It  should  be  noted  chat  Che  capacity  of  the  atmosphere  to  hold  water  in¬ 
creases  almost  exponentially  with  temperature.  Consequently,  the  water  vapor 
content  of  the  air  varies  greatly  from  place  to  place.  Cold,  dry  air  contains 
a  small  fraction  of  a  percent  of  water  vapor,  but  warm,  moist  air  sometimes 
contains  approximately  ^  percent.  Air  at  29  °C  can  hold  approximately  100 
times  as  much  water  vapor  as  air  at  -40  ’C.  Maximum  vapor  content  at  -40  °C 
is  only  0.1757  grams  per  cubic  meter,  and  at  0  °C  it  is  4.847  grams  per  cubic 
meter.  Air  at  30.0  ’C  has  a  saturation  absolute  humidity  of  30.4  grams  per 
cubic  meter  [3].  When  dew  points  at  nearby  stations  are  above  22  °C,  and  they 
differ  by  1.0  ®C,  the  difference  of  absolute  humidity  is  at  least  1.0  gram  per 
cubic  meter. 

The  classical  pattern  of  diurnal  variation  of  dew  point  is  much  more  com¬ 
plicated  than  the  pattern  of  temperature  variation  [4].  A  minimum  dew  point 
coincides  with  the  minimum  temperature  in  the  morning.  Evaporation  of  water 
vapor  from  the  ground  after  sunrise  is  accompanied  by  a  decrease  in  stability 
with  surface  heating.  Initially  this  decrease  is  small  enough  that  the  upward 
transfer  of  water  vapor  is  confined  to  a  shallow  layer  near  the  ground.  Ac¬ 
cumulation  in  this  layer  produces  a  maximum  of  water  vapor  between  0800  and 
1000  hours  local  time.  Continued  surface  heating  produces  so  much  thermal 
Instabil’’-”  that  vprtioel  exchange  distributes  available  water  vapor  through  a 
very  deep  layer,  and  the  ground  becomes  dry.  A  second  minimum  dew  point 
occurs  near  the  time  o:  the  maximum  air  temperature.  Convection  diminishes  in 
late  afternoon  and  early  evening,  and  a  second  maximum  dew  point  occurs  a  few 
hours  after  sunset.  During  the  night  there  is  a  flux  of  water  vapor  from  the 
air  to  the  cooler  ground,  and  the  dew  point  of  the  air  decreases  until  sun¬ 
rise. 


The  similarity  between  nearbv  stations  should  be  stronger  in  the  after¬ 
noon  when  convection  is  more  vigorous.  With  extensive  vertical  mixing  and 
general  increase  in  turbulence,  small-scale  variations  caused  by  inhoraogene- 
ities  in  the  underlying  surface  are  often  smoothed  out. 

The  present  study  to  see  how  much  the  atmosphere  resembles  the  expected 
pattern  is  divided  into  two  parts.  The  first  part  compares  standard  meteoro¬ 
logical  data  from  nearby  sites.  The  second  part  consists  of  an  analysis  of 
special  measurements  taken  in  the  Tennessee  Valley  in  the  summer  of  1986. 


:i.  STAN'DARD  DATA 


Periods  of  data  were  chosea  on  the  basis  of  availability  from  the  US  Air 
Force  Environmental  Technical  Applications  Center  (ETAC).  The  section  in 
Asheville,  N'orth  Carolina  supplied  data  on  magnetic  tape  with  the  standard 
TDF14  format. 

A-  Washington,  District  of  Columbia 

A  Ir'ng  period  of  reccrd  was  available  for  Washington  National  Air¬ 
port,  but  no  data  were  available  from  Dulles  International  Airport  until  1962. 
Only  three-hourly  observations  were  used  because  hourly  observations  were  on 
the  tapes  for  only  part  of  the  period. 

Figure  1  shows  the  diurnal  variation  of  mean  dew  point  during  winter 
(December,  January,  and  February)  for  the  winters  1962-1963  through  1980-1981. 
Dew  points  were  higher  at  Washington  National  Airport  than  at  Dulles  Inter¬ 
national  Airport  throughout  the  day.  Urban  effects  such  as  combustion  of 
motor  •;ehicle  fuel  may  contribute  to  increased  absolute  humidity  [5]  in  the 
much  more  urbanized  environment  around  Washington  National  Airport.  However, 
in  this  case  the  location  along  the  Potomac  River  is  probably  the  more  impor¬ 
tant  factor. 

The  largest  difference  between  the  two  stations  occurred  at  1200 
Greenwich  Mean  Time  (GMT)  (0700  EST)  when  the  difference  was  1.17  °C.  At  typ¬ 
ical  winter  morning  temperatures  and  with  the  dew  points  in  the  figure,  this 
represents  a  difference  of  about  0.3  grams  per  cubic  meter  of  water  vapor. 

The  smallest  difference  in  dew  point  was  0.34  ®C  at  2100  GMT  (1600 
EST).  This  represents  a  difference  of  about  0.1  gram  per  cubic  meter. 

Expectations  discussed  in  the  introduction  were  only  partially  met. 
The  much  smaller  difference  in  the  afternoon  was  anticipated.  On  the  other 
hand,  these  three-hourly  means  do  not  show  the  double  cycle  which  is  often 
observed  in  the  atmosphere. 

Figure  2  illustrates  mean  diurnal  changes  of  dew  point  in  the  spring 
months  (March,  April,  and  May)  during  the  years  1963  through  1981.  The  larg¬ 
es:  ar.c  smallest  differences  were  0.39  “C  at  0900  GMT  (0400  EST)  and  0.23  “C 
a:  101^  DMT  'Ir'l'}  EST).  The  corresponding  mean  differences  of  absolute  humid¬ 
ity  were  0.4  and  0.1  grams  per  cubic  meter. 

There  was  evidence  of  the  double  oscillation  of  dew  point  at  Washing¬ 
ton  National  Airport  in  spring.  Minima  of  4.51  ’C  and  4.77  °C  occurred  at 
0900  O.MT  (1400  EST)  and  I'OOC  GMT  (  i9u0  EST),  respectively.  Mnxima  of  5.02  °C 
and  5.36  ’C  occurred  at  1300  GMT  (2200  EST)  and  1800  GMT  (1300  EST).  These 
times  were  somewhat  displaced  from  the  expected  times.  Hourly  data  might  have 
shown  closer  agreement. 

Summer  iJune,  July,  and  August)  during  the  years  1963-19S1  had  a 
double  oscillation  of  dew  point  at  both  stations  in  Washington,  DC.  Figure  3 
shows  that  diurnal  minima  at  both  stations  occurred  at  0900  GMT  (0400  EST)  and 
at  2100  GMT  (1600  EST).  Both  had  morning  maxima  at  1500  GMT  (1000  EST). 


Tulles  had  a  mean  dew  point  of  17.83  “C  at  0000  GMT  (1900  EST)  when  the  mean 
was  17.80  °C  at  Washington  National.  The  largest  difference  was  1.42  °C  at 
0900  GMT  (0400  EST),  or  a  difference  of  1.2  grams  per  cubic  meter  of  water 
vapor.  This  was  a  difference  of  approximately  8  percent.  Another  interesting 
fact  t'*  note  is  that  the  afternoon  minimum  at  Washington  National  was  only 
sli<»l'''ly  higher  than  the  morning  minimum.  These  two  dew  points  were  17.66  “C 
and  17.72  °C. 


The  differences  between  dew  points  at  Washington  National  and  at 
Dulles  were  largest  in  fall  (September,  October,  and  November).  Figure  4  for 
the  years  1963-1981  shows  that  the  difference  between  mean  dew  points  at  0900 
GMT  (0400  EST)  was  1.93  The  smallest  difference  was  0.72  °C  at  1500  GMT 

(1000  EST).  Corresponding  absolute  humidity  differences  were  about  1.0  gram 
per  cubic  meter  and  0.4  grams  per  cubic  meter. 

Both  stations  showed  a  double  oscillation  in  fall,  but  the  diurnal 
change  was  much  larger  at  Dulles.  The  mean  dew  points  at  Dulles  were  6.59 
at  1200  GMT  (0700  EST)  and  8.42  °C  at  1500  GMT  (1000  EST).  The  afternoon 
minimum  at  Dulles  was  7.79  ^C,  which  was  much  higher  than  the  minimum  in  the 
morning.  At  Washington  National  the  afternoon  minimum  was  only  0.18  °C  higher 
than  the  morning  minimum. 

B.  New  York  City 

Temperatures  and  dew  points  were  available  for  Kennedy  International 
Airport,  La  Guardia,  and  Central  Park  for  the  years  1965-1981  except  for  the 
1975-76  winter  when  dew  points  from  Central  Park  were  missing.  The  diurnal 
variations  of  mean  dew  point  are  shown  in  Figures  5  through  8.  The  graph  for 
winter  does  not  include  Central  Park  because  of  the  missing  data. 

Kennedy  had  higher  mean  dew  points  than  the  other  stations  throughout 
the  diurnal  cycle  for  all  four  seasons  for  1965-1981.  The  differences  between 
mean  dew  points  at  Kennedy  and  La  Guardia  were  larger  in  the  afternoon  than  in 
the  morning  throughout  the  year.  In  spring  and  fall  dew  points  at  Central 
Park  and  La  Guardia  were  very  close  to  each  other.  In  summer  dew  points  at 
Central  Park  were  0.5  ”€  higher  than  those  at  La  Guardia  in  the  afternoon. 

The  mean  diurnal  variation  at  La  Guardia  in  summer  was  unusual  com¬ 
pared  to  other  diurnal  variations  discuss-i  in  this  report.  The  afternoon 
minimum  at  La  Guardia  in  summer  was  very  broad,  and  dew  points  were  lover  in 
the  afternoon  than  in  the  morning.  The  mean  dew  point  at  0900  GMT  (0400  EST) 
was  15.58  ^C  in  summer  at  La  Guardia.  This  was  higher  than  the  means  at  ISCO 
GMT,  2100  GMT,  and  0000  GMT  when  the  respective  dew  points  were  15.51  °C- 
15.47  °C,  and  15.52  “C.  Because  of  this  unusual  diurnal  variation  at  La 
Guardia,  the  difference  between  Kennedy  and  La  Guardia  was  much  larger  in  the 
afternoon  than  at  the  other  hours  in  summer.  The  largest  difference  was 
1.40  "C  at  2100  GMT  (1600  EST).  The  smallest  difference  was  0.73  “C  at  1500 
GMT  (1000  EST). 

The  double  cycle  in  other  dew-point  observations  at  New  York  was  less 
apparent.  It  did  not  appear  at  ..11  in  winter  at  either  Kennedy  or  La  Guardia, 
and  in  spring  the  afternoon  minimum  was  weak  at  these  two  stations.  The 
afternoon  minimum  was  barely  discernible  at  Central  Park  in  spring  and  summer. 
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The  summer  variation  at  Kennedy  had  a  broad  morning  minimum  and  an  afternoon 
minimum  displaced  to  early  evening.  The  diurnal  variation  was  small,  but  the 
double  cycle  was  well  defined  at  La  Guardia  and  Central  Park  in  fall.  The 
afternoon  minimum  at  Kennedy  was  poorly  defined  in  fall.  These  observations 
from  New  York  are  consistent  with  those  from  Washington,  DC,  in  indicating 
that  the  double  oscillation  of  dew  point  is  most  prominent  in  the  diurnal 
cycles  for  summer  and  may  be  entirely  absent  in  winter. 


III. 


COHIIEX  DATA 


The  Cooperative  Huntsville  Meteorological  Experiment  (COHMEX)  provided  a 
unique  data  base  of  measurements  from  spring  and  summer  1986.  COHMEX  consis¬ 
ted  of  three  parts:  (1)  Satellite  Precipitation  and  Cloud  Experiment  (SPACE); 
(2)  Microburst  and  Severe  Thunderstorm  (MIST)  program;  and  (3)  F.AA-Lincoln 
Laboratory  Operational  Weather  Study  (FLOWS). 

The  present  study  analyzed  a  subset  of  data  from  the  SP.ACE.  This  subset 
consisted  of  data  from  the  second  generation  portable  automated  surface  meso- 
net  (PAM  II)  system.  This  system  was  designed  and  built  by  the  National  Cen¬ 
ter  for  Atmospheric  Research  (NCAR).  Additional  information  about  SPACE  may 
be  found  in  the  experiment  design  document  Satellite  Precipitation  and  Cloud 
Experiment  [ 6 ] . 

A.  Site  Information 

Table  1  contains  the  latitude,  longitude,  and  elevation  of  each  site 
which  was  used  in  the  study.  The  station  numbers  were  obtained  from  the  mag¬ 
netic  tape.  They  do  not  correspond  to  numbers  in  the  experiment  design  docu¬ 
ment  [6],  and  some  site  information  has  been  updated  since  the  publication  of 
this  document.  During  the  period  of  record  of  this  investigation,  stations  8, 
9,  and  10  had  so  much  bad  data  that  they  were  eliminated  from  the  study. 

Table  2  shows  the  computed  distances  between  sites.  The  shortest 
distance  between  any  pair  of  stations  was  the  47.95  km  between  stations  1  and 
11.  The  longest  distance  was  the  189.08  km  between  stations  2  and  7. 

B.  Mean  Dew  Points 

Table  3  contains  eight-day  mean  dew  points  for  each  hour  of  the  day. 
The  period  of  record  was  0000  GMT,  1  June  1986,  to  2359  GMT,  8  June  1986. 
Observations  were  originally  recorded  as  one-minute  means,  and  60  of  these 
were  recorded  for  each  hour.  Therefore,  each  dew  point  in  Table  3  represents 
a  mean  which  was  computed  from  480  one-minute  means.  The  means  in  the  table 
are  for  the  hour  ending  at  the  GMT  listed  in  column  1,  i.e.,  the  mean  for  hour 
12  represents  data  from  1101-1200  GMT. 

Maxima  and  minima  did  not  occur  at  precisely  the  same  time  at  every 
station.  Lowest  dew  points  in  the  diurnal  cycle  occurred  from  the  hour  ending 
at  0900  GMT  (0400  CDT  or  0300  GST),  to  the  one  ending  at  1100  GMT  (0600  CDT) . 
These  morning  minima  were  in  the  range  17.97  °C  to  19.53  °C.  Highest  dew 
points  occurred  during  the  hours  ending  at  2300  GMT  (1800  CDT)  or  0000  GMT 
(1900  CDT). 

The  mean  dew  points  for  the  eight  days  at  stations  3,  6,  and  11  were 
plotted  in  Figure  9.  The  double  cycle  was  most  evident  at  station  11  where  a 
relative  minimum  occurred  in  the  afternoon  in  the  hour  2001-2100  GMT  (1501- 
1600  CDT).  The  afternoon  minimum  was  less  pronounced  and  earlier  at  the  other 
two  stations  in  Figure  9.  Minima  in  the  morning  were  lower  than  the  relative 
minima  in  the  afternoon  at  each  site  for  which  data  were  included  in  Table  3. 


C.  Differences  Between  Stations 


Tables  4  through  11  show  the  mean  differences  between  dew  points  at 
all  pairs  of  stations.  The  24  hours  were  classified  into  eight  periods  of 
three  hours  each.  Station  numbers  are  listed  in  column  1  and  along  the  top 
row  of  each  table.  The  dew  point  at  the  station  represented  by  the  number  in 
column  1  was  subtracted  from  the  dew  point  at  the  station  which  has  its  number 
listed  in  the  top  row. 

The  dew  point  at  station  6  was  lower  than  the  dew  points  at  all 
other  stations  in  every  one  of  Tables  4  through  11.  This  was  expected  because 
station  6  has  a  much  higher  elevation  than  any  other  station,  and  dew  points 
decrease  with  height  in  the  atmosphere  the  majority  of  the  time  [7].  Figures 
10  through  17  are  scatter  diagrams  in  which  difference  in  elevation  has  been 
plotted  versus  the  difference  in  dew  point.  The  dew  point  at  the  lower  eleva¬ 
tion  was  subtracted  from  the  dew  point  at  the  higher  elevation.  Several  posi¬ 
tive  differences  occurred  for  differences  of  elevation  less  than  100  m,  and  a 
few  positive  differences  were  even  associated  with  elevation  differences  more 
than  100  m.  All  differences  would  have  been  negative  if  the  average  decrease 
of  dew  point  with  elevation  had  been  the  only  factor  influencing  results. 

Figures  18  through  21  represent  the  differences  of  dew  point  versus 
distance  between  stations  for  four  of  the  eight  time  periods.  The  excessive 
scatter  indicates  that  distance  between  stations  is  relatively  unimportant  in 
determining  dew  point  differences  within  the  time  and  range  of  distances 
Included  in  this  study. 

Figure  22  compares  differences  between  dew  points  at  pairs  of  sta¬ 
tions  during  different  times  of  day.  Dew  point  differences  below  the  diago¬ 
nals  in  Table  4  and  Table  7  were  compared.  The  abscissa  represents  differences 
during  the  time  period  0800-1059  GMT  (0300-0559  CDT) .  The  ordinate  represents 
differences  during  the  period  2300-0159  GMT  (1800-2059  CDT).  The  dew  point 
differences  obviously  had  a  similar  pattern  in  the  early  morning  and  early 
evening  hours. 


IV.  CONCLUSION 

Local  effects  influence  differences  between  dew  points  at  different  sites 
more  than  distance  between  sites  when  distances  are  less  than  200  km.  These 
local  influences  include  elevation,  urban  effects,  and  proximity  to  water. 
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Figure  1.  Diurnal  variation  of  dew  point  at  Washington  National  and  Dulles 
International  Airports  during  the  winters  1962-1963  through 
1980-1981. 
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International  Airports  during  spring  In  the  years  1963-1981. 
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Figure  3.  Diurnal  variation  of  dew  point  at  Washington  National  and  Dulles 
International  Airports  during  summer  in  the  years  1963-1981. 
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Figure  4 


Diurnal  variation  of  dew  point  at  Washington  National  and  Dulles 
Internal  Airports  during  fall  in  the  years  1963-1981. 
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Figure  5.  Diurnal  variation  of  dew  point  at  two  New  York  sites  during  the 
winters  1965-1966  through  1980-1981. 
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Figure  6.  Diurnal  variation  of  dew  point  at  three  New  York  sites  during 
spring  in  the  years  1965-1981 
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Figure  8.  Diurnal  variation  of  dew  point  at  three  New  York  sites  durln; 
fall  in  the  years  1965-1981. 
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Graph  to  compare  difference  in  elevation  with  difference  In 
dew  point  during  the  time  0500-0759  GMT  (0000-0259  CDT) . 
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Figure  14. 
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Graph  to  compare  difference  in  elevation  with  difference  In 
dew  point  during  the  time  1100-1359  GMT  (0600-0859  CDT) ■ 
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Figure  17.  Graph  to  compare  difference  In  elevation  with  dlfferenc 
dew  point  during  the  time  2000-2259  GMT  (1500-1759 
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Figure  20.  Graph  to  compare  distance  between  stations  with  difference  in 
dew  point  during  the  time  1100~1359  GMT  (0600~0859  CDT) . 
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Figure  22.  Comparison  of  dew  point  differences  dt  pairs  of  stations 


during  two  different  times  of  day. 


TABLE  1.  Locations  and  Elevations  of  Sites  Where  Dew  Points  Were  Measured 


Station 

Latitude 

Longitude 

Elevation 

1 

34.5425’N’ 

86.6017°W 

186  :n 

2 

34.6689‘'N 

87.8094‘’W 

247  m 

3 

35.1594^N 

88.0600‘’W 

219  m 

4 

35.2189°N 

87.0217‘’W 

300  m 

5 

35.4300‘‘N 

86.5092°W 

244  m 

6 

35.0972‘’N 

86.0900°W 

567  in 

7 

36.0075“N 

86.5217'’W 

159  m 

11 

34.6372°N 

86.0903°W 

189  m 

TABLE  2. 

Distances 

Between 

Sites 

in  Kilometers 

1  2 

3 

4 

5 

6  7 

11 

1 

0. 

,00 

111 . 

,35 

149. 

.61 

84, 

.35 

98. 

.98 

77, 

.32 

162, 

,95 

47, 

.95 

2 

Ill 

.35 

0, 

.00 

59 , 

.09 

94, 

.25 

145, 

.40 

163, 

,80 

189, 

,08 

157 

.  18 

3 

149. 

,61 

59, 

,09 

0. 

.00 

94, 

.52 

143, 

.83 

179, 

.17 

167, 

,95 

188. 

,66 

4 

84 

.35 

94, 

.25 

94, 

,52 

0, 

o 

o 

52, 

,05 

85, 

.72 

98, 

,59 

106, 

,67 

5 

98 

.98 

145, 

.40 

143, 

,83 

52 

,05 

0, 

.00 

53 

.05 

64, 

.  18 

95, 

.99 

6 

77  , 

.32 

163. 

.80 

179, 

.17 

85. 

.72 

53. 

.05 

0, 

.00 

108, 

,42 

51  , 

,  12 

7 

162. 

.95 

189, 

.08 

167, 

,95 

98 

,59 

64, 

.  18 

108, 

,42 

0. 

.00 

157 

.21 

11 

47 

.95 

157, 

.  18 

188 

.66 

106 

.67 

95, 

.99 

51 

.  12 

157, 

,21 

0. 

.00 

29 


TABLE  3.  Mean  Dew  Points  (°C)  for  the  Eight  Days 


Hr  1  2  3  4  5  6  7  11 


1 

19, 

.77 

21 , 

,07 

21 

.00 

20. 

.12 

20, 

.64 

19, 

,36 

20, 

.30 

o 

CM 

.69 

2 

19, 

,40 

20, 

.71 

20 

.67 

19, 

.89 

20, 

,39 

19, 

.09 

19, 

,95 

20 

.67 

3 

19, 

.11 

20, 

,42 

20. 

.37 

19. 

.  35 

20. 

.22 

19, 

,02 

19. 

,81 

20 

.75 

4 

18, 

.96 

20, 

.33 

20 

,25 

19. 

.32 

20, 

.02 

18, 

.81 

19. 

.83 

20 

.57 

5 

18, 

.94 

20, 

.11 

20. 

,09 

19, 

.21 

19 

.  76 

18, 

.66 

19, 

.59 

20 

.41 

6 

18, 

.82 

19. 

,97 

19 

.85 

19, 

.  10 

19, 

.  50 

18. 

.60 

19, 

.35 

20 

.21 

18, 

.92 

19. 

.73 

19, 

.71 

19. 

.  11 

19, 

.28 

18. 

.42 

19. 

,02 

20 

.02 

8 

18, 

.79 

19, 

.  55 

19, 

.  51 

18, 

,97 

18, 

.97 

18, 

.09 

18, 

,83 

19 

,92 

9 

18, 

,67 

19. 

.53 

19. 

.45 

18. 

,77 

18, 

.83 

17, 

.97 

18. 

66 

19 

,  75 

10 

18, 

,63 

19. 

,  50 

19. 

,  47 

18. 

69 

18, 

.66 

18, 

,00 

18, 

,60 

19 

.59 

11 

18, 

,67 

19. 

,52 

19, 

.46 

18. 

.66 

18. 

.61 

18, 

,05 

18, 

,46 

19 

.53 

12 

18, 

,89 

19. 

,70 

19. 

,65 

18. 

.74 

18. 

.77 

18, 

,28 

18, 

86 

19 

.73 

13 

19, 

,30 

20, 

,13 

20. 

,17 

19, 

.24 

19, 

,29 

18, 

,56 

19. 

,39 

20 

.11 

14 

19, 

.48 

20. 

.55 

20, 

,63 

19. 

,69 

19, 

.67 

18, 

.93 

19, 

,91 

20 

,47 

13 

19, 

,95 

20. 

CO 

00 

20, 

,89 

o 

CM 

,06 

20, 

,07 

19, 

,26 

20 

.44 

20 

.  55 

16 

20, 

.14 

21 , 

,02 

20, 

,95 

O 

CM 

,62 

20, 

.24 

19, 

,59 

20, 

,50 

20 

.80 

17 

20 

,27 

20, 

,96 

20 

,90 

O 

CM 

.94 

20, 

.46 

19, 

.74 

20, 

.56 

20 

.96 

18 

20 

.  19 

20. 

,94 

21, 

,07 

20 

.75 

20, 

.37 

19 

.81 

20, 

.64 

20 

.84 

19 

20 

.28 

20. 

.79 

21 , 

.  24 

20, 

.92 

20, 

.09 

19, 

,85 

20, 

.60 

20 

.66 

20 

20 

.00 

20, 

.88 

21 , 

.  16 

20, 

,70 

20, 

,  16 

19. 

.60 

20, 

.49 

20 

.67 

21 

20 

.28 

20 

,83 

21 

.34 

20 

.28 

20. 

,47 

19, 

.69 

20. 

.60 

20 

.  14 

22 

20, 

.  19 

21 . 

,02 

21 . 

.42 

20, 

46 

20, 

.85 

19. 

89 

20, 

,78 

20 

,84 

23 

20, 

,47 

21 , 

,  55 

21 . 

.64 

20. 

.74 

20, 

,95 

20. 

,  17 

21 , 

03 

21 

,09 

0 

20, 

,30 

21 . 

,62 

21 , 

,49 

20, 

.80 

21 , 

.12 

20. 

,  10 

21 , 

40 

21 

.02 

30 


TABLE  4. 

Mean  Differences  of  Dew 
Days  During  the  Time 

Points 

Period 

(“C)  for 
2300-0159 

the  Eight 

GMT 

1 

2 

3 

4 

5 

6 

7 

11 

1 

0.00 

1.23 

1 .  19 

0.37 

0.72 

-0.31 

0.73 

0.75 

2 

-1.23 

0.00 

-0.04 

-0.86 

-0.51 

-1.54 

-0.51 

-0.48 

3 

-1 . 19 

0.04 

0.00 

-0.82 

-0.47 

-1.50 

-0.47 

-0.44 

4 

-0.37 

0.86 

0.82 

0.00 

0.35 

-0.68 

0.36 

0.38 

5 

-0.72 

0.51 

0.47 

-0.35 

0.00 

-1.03 

0.00 

0.03 

6 

0.31 

1 . 54 

1.50 

0.68 

1.03 

0.00 

1.03 

1.06 

7 

-0.73 

0.51 

0.47 

-0.36 

0.00 

-1.03 

0.00 

0.03 

11 

-0.75 

0.48 

0.44 

-0.38 

-0.03 

-1.06 

-0.03 

0.00 

TABLE  5. 

Mean  Differences  of  Dew  Points  (®C)  for  the  Eight 

Days  During  the  Time  Period  0200-0459  GMT 

1 

2 

3 

4 

5 

6 

7 

11 

1 

0.00 

1.33 

1.27 

0.36 

1.05 

-0.18 

0.70 

1 . 50 

2 

-1.33 

0.00 

-0.06 

-0 . 97 

-0.28 

-1.52 

-0.63 

0.17 

3 

-1.27 

0.06 

0.00 

-0.91 

-0.22 

-1.46 

-0.57 

0.23 

4 

-0.36 

0 . 97 

0.91 

0.00 

0.69 

-0.55 

0.34 

1  .  14 

5 

-1.05 

0.28 

0.22 

-0.69 

0.00 

-1.24 

-0.35 

0 . 45 

6 

0.18 

1.52 

1.46 

0.55 

1.24 

0.00 

0.89 

1.69 

7 

-0.70 

0.63 

0.57 

-0.34 

0.35 

-0.89 

0.00 

0.80 

11 

-1.50 

-0.17 

-0.23 

-1.14 

-0.45 

-1.69 

-0.80 

0.00 

31 


TABLE  6.  Mean  Differences  of  Dew  Points  ('’C)  for  the  Eight 
Days  During  the  Time  Period  0500-0759  GMT 


1  2  3  4  5  6  7  11 


1 

0.00 

1.04 

0.99 

0.25 

0.62 

-0.33 

0.43 

1 .32 

2 

-1.04 

0.00 

-0.05 

-0.79 

-0.42 

-1.37 

-0.61 

0.28 

3 

-0.99 

0.05 

0.00 

-0.74 

-0.37 

-1.32 

-0.56 

0.33 

4 

-0.25 

0.79 

0.74 

0.00 

0.37 

-0.58 

0.18 

1.07 

5 

-0.62 

0.42 

0.37 

-0.37 

0.00 

-0.95 

-0.19 

0.70 

6 

0.33 

1.37 

1.32 

0.58 

0.95 

0.00 

0.76 

1 . 65 

7 

-0.43 

0.61 

0 . 56 

-0.18 

0.19 

-0.76 

0.00 

0.90 

11 

-1.32 

-0.28 

-0.33 

-1.07 

-0.70 

-1.65 

-0.90 

0.00 

TABLE  7. 

Mean  Differences 
Days  During  the 

of  Dew 
Time 

Points 

Period 

(’C)  for 
0800-1059 

the  Eight 
GMT 

1 

2 

3 

4 

5 

6 

7 

11 

1 

0.00 

0.83 

0.78 

0.11 

0.13 

-0.68 

0.00 

1 .06 

2 

-0 . 83 

0.00 

-0.05 

-0.72 

-0 . 70 

-1  .51 

-0.83 

0 . 23 

3 

-0.78 

0.05 

0.00 

-0.67 

-0.66 

-1.46 

-0.78 

0.27 

4 

-0.11 

0.72 

0.67 

0.00 

0.01 

-0.79 

-0.11 

0.94 

5 

-0.13 

0.70 

0.66 

-0.01 

0.00 

-0.80 

-0 . 12 

0.93 

6 

0.68 

1.51 

1.46 

0.79 

0.80 

0.00 

0.68 

1 . 73 

7 

0.00 

0.83 

0.78 

0.11 

0.12 

-0.68 

0.00 

1 . 05 

11 

-1.06 

-0.23 

-0.27 

-0.94 

-0.93 

-1.73 

-1.05 

0.00 

32 


TABLE  8. 

Mean  Differences  of  Dew  Points  (°C)  for 
Days  During  Che  Time  Period  1100-1359 

the  Eight 

GMT 

1 

2 

3 

4 

5 

6 

7 

11 

1 

0.00 

0.83 

0.31 

-0.C7 

-0.06 

-0.65 

-0 . 05 

0.84 

2 

-0.83 

0.00 

-0.02 

-0.90 

-0.89 

-1.48 

-0.88 

0.01 

3 

-0.81 

0.02 

0.00 

-0.88 

-0.87 

-1.46 

-0.86 

0.03 

4 

0.07 

0.90 

0.88 

0.00 

0.01 

-0.58 

0.03 

0.91 

5 

0.06 

0.39 

0.87 

-0.01 

0.00 

-0.59 

0.01 

0.90 

6 

0.65 

1.48 

1.46 

0.58 

0.59 

0.00 

0.60 

1 .49 

7 

0.05 

0.88 

0.86 

-0.03 

-0.01 

-0.60 

0.00 

0.89 

11 

-0.84 

-0.01 

-0.03 

-0.91 

-0.90 

-1.49 

-0.89 

0.00 

TABLE  9. 

Mean  Differences  of  Dew 
Days  During  the  Time 

Points 

Period 

(“O  for 
1400-1659 

the  Eight 
GMT 

1 

2 

3 

4 

5 

6 

7 

11 

1 

0.00 

0.96 

0.96 

0.27 

0.14 

-0.60 

0.43 

0.75 

2 

-0 . 96 

0 . 00 

0.01 

-0.69 

-0.82 

-1.55 

-0.53 

0.21 

3 

-0.96 

-0.01 

0.00 

-0.70 

-0.83 

-1.56 

-0.54 

0.21 

4 

-0.27 

0.69 

0.70 

0.00 

-0.13 

-0.86 

0.16 

0.49 

5 

-0.14 

0.82 

0.83 

0.13 

0.00 

-0.73 

0.29 

0.62 

6 

0.60 

1 . 55 

1.56 

0.86 

0.73 

0.00 

1.02 

1.35 

7 

-0.43 

0.53 

0.54 

-0.16 

-0,29 

-1.02 

0.00 

0.33 

11 

-0.75 

0.21 

0.21 

-0.49 

-0.62 

-1.35 

-0.33 

0.00 
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TABLE  10. 

Mean  Differences 
Days  During  the 

of  Dew 
Time 

Points 

Period 

(‘’O  for 
1700-1959 

the  Eight 
GMT 

1 

2 

3 

4 

5 

6 

l' 

11 

1 

0.00 

0 . 65 

0.82 

0.62 

0.06 

-0 . 45 

0.35 

0.57 

2 

-0.65 

0.00 

0,17 

-0.03 

-0.59 

-1.10 

-0.30 

0.08 

3 

-0.82 

-0.17 

0.00 

-0.20 

-0.76 

-1.27 

-0.47 

0.25 

4 

-0.62 

0.03 

0.20 

0.00 

-0.57 

-1.07 

-0.27 

0.05 

5 

-0.06 

0.59 

0.76 

0.5"^ 

0.00 

-0.50 

0.30 

0.52 

6 

0 . 45 

1  . 10 

1.27 

1.07 

0.50 

0.00 

0.80 

1.02 

t 

-0.25 

0.30 

0.47 

0.27 

-0.30 

-0.80 

0.00 

0,22 

11 

-0.57 

0.08 

0.25 

0.05 

-0.52 

-1.02 

-0.22 

0.00 

TABLE  11.  Mean  Differences  of  Dew  Points  (’C)  for  the  Eight 


Days 

During 

the  Time 

Period 

2000-2259 

GMT 

1 

2 

3 

4 

5 

6 

7 

11 

1 

0.00 

0.76 

1.15 

0.33 

0.34 

-0.43 

0.47 

0.40 

2 

-0.76 

0.00 

0.39 

-0.43 

-0.42 

-1  ,  19 

-0.29 

-0.36 

3 

-1 . 15 

-0.39 

0.00 

-0.82 

-0.81 

-1.58 

-0.68 

-0.75 

4 

-0.33 

0.43 

0.82 

0.00 

0.01 

-0.75 

0.14 

0.07 

5 

-0.34 

0.42 

0.81 

-0.01 

0.00 

-0.77 

0.13 

0.06 

6 

0.43 

1 . 19 

1.58 

0.75 

0.77 

0.00 

0.89 

0.83 

7 

-0.47 

0.29 

0.68 

-0.14 

-0.13 

-0.89 

0.00 

-0.07 

11 

-0.40 

0.36 

0.75 

-0.07 

-0.06 

-0.83 

0.07 

0.00 

34 


REFERENCES 


1.  Stewart,  D.  A.,  and  Essenwanger,  0.  M.,  1982,  "A  Survey  of  Fog  and  Related 
Optical  Propagation  Characteristics."  Reviews  of  Geophysics  and  Space 
Physics ,  Vol.  20,  No.  3,  August  1982,  pp.  481-495. 

2.  Stewart,  D.  A.,  1987,  Attenuation  of  Visible  Energy  in  a  Polluted  Atmos¬ 
phere  .  US  Army  Missile  Command  Technical  Report  TR-RD-RE-87-04 . 

3.  List,  R.  J. ,  1958,  Smithsonian  Meteorological  Tables.  Smithsonian  Insti¬ 
tute,  Washington,  DC. 

4.  Godske,  C.  L.,  Bergeron,  T.,  Bjerknes,  J.,  and  Bundgaard,  R.  C.,  1957, 
Dynamic  Meteorology  and  Weather  Forecasting.  Published  jointly  by  the 
American  Meteorological  Society  of  Boston  and  the  Carnegie  Institution  of 
Washington . 

5.  Stewart,  D.  A.,  1982,  Urban  Influences  on  Fog.  US  Army  Missile  Command 
Technical  Report  RR-83-1. 

6.  Arnold,  J.,  Wilson,  G.,  Williams,  S.,  and  McNider,  R. ,  1986,  Satellite 
Precipitation  Cloud  Experiment  (Experiment  Design  Document).  Atmospheric 
Sciences  Laboratory,  K.  E.  Johnson  Research  Center,  UAH. 

7.  Stewart,  D.  A.,  1986,  Vertical  Profiles  of  Temperature  and  Humidity  Below 
100  Meters .  US  Army  Missile  Command  Technical  Report  RD-RE-86-6. 


35/(36  blank) 


DISTRIBUTION 


Commander 

US  Army  Foreign  Science  and  Technology  Center 

ATTN:  AIAST-RA 

220  Seventh  Street  NE 

Charlottesville,  VA  22901-5396 

Headquarters 

OUSDR&E 

ATTN:  Dr.  Ted  Berlincourt 

The  Pentagon 

Washington,  DC  20310-0632 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  AMXSY-MP 

Aberdeen  Proving  Ground,  MD  21005 

Defense  Advanced  Research  Projects  Agency 

Defense  Sciences  Office 

Electronics  Systems  Division 

ATTN:  Dr.  John  Neff 

1400  Wilson  Boulevard 

Arlington,  VA  22209 

Director 

US  Army  Research  Office 
ATTN:  SLCRO-PH 
SLCR0-2C 
PO  Box  12211 

Research  Triangle  Park,  NC  27709-2211 
USAFETAC 

ATTN:  ECE/Ms.  Snelling 
Scott  AFB,  IL  62225 

Commander 

US  Army  Communications  Electronics  Command 

ATTN:  AMSEL-RD-EW-SP 

Fort  Monmouth,  NJ  07703-5303 

Director,  URI 
University  of  Rochester 

College  of  Engineering  and  Applied  Science 
The  Institute  of  Optics 
Rochester,  NY  14627 

Director,  JSOP 
University  of  Arizona 
Optical  Science  Center 
Tucson,  AZ  85721 


DIST  1 


DISTRIBUTION  (Continued) 


Chief,  US  Weather  Bureau 
ATTN:  Librarian 
Washington,  DC  20350 

Headquarters 
Department  of  Army 
ATTN:  DAMA-ARR 
Washington,  DC  20310-0632 

Director 

Atmospheric  Sciences  Program 
National  Sciences  Foundation 
Washington,  DC  20550 

HQDA/OACSI 

ATTN:  DAMI-ISP/Mr.  Lueck 

Washington,  DC  20310 

IIT  Research  Institute 
ATTN:  GACIAC 
10  W.  35th  Street 
Chicago,  IL  60616 

DASD-H-V 


1 


1 


AMCPM-HD-E-M,  Mr-  H.  Hinrichs  1 

AMSMI-RD,  Dr.  McCorkle  1 

Dr-  Rhoades  1 

-RD-RE,  Dr.  R.  Hartman  1 

Dr.  J.  Bennett  1 

-RD-AC  1 

-RD-TI  1 

-RD-DP  1 

-RD-DE 

-RD-DE-UB  1 

-RD-DE-SD  1 

-RD-DE-EL  1 

-RD-DE-PA  1 

-RD-SD  1 

-RD-ST  1 

-RD-ST-DC  1 

-RD-PR  1 

-RD-PR-M  1 

-RD-TE  1 

-RD-TE-F  1 

-RD-TE-P  1 

-RD-SS  1 

-RD-SS-SD  1 


DIST  2 


DISTRIBUTION  (Concluded) 


Page 


AMSMI-RD-SS-AT  1 

-RD-AS  1 

-RD-AS-xMM  1 

-RD-AS-SS  1 

-RD-GC  1 

-RD-RE,  Dr.  Blending  1 

Ms.  Romlne  1 

-RD-RE-AP,  Dr.  Essenwanger  1 

Dr.  Stewart  15 

Mr.  Dudel  1 

Mr.  Levitt  1 

Ms .  Mims  1 

-RD-RE-QP  1 

-RD-RE-OP  1 

-RD-SI  1 

-RD-CS-T  1 

-RD-CS-R  15 

-GC-IP,  Mr.  Bush  1 


DIST  3/(DIST  4  blank) 


